Self-assembly of protein fibrils into suprafibrillar aggregates: bridging the nano- and mesoscale.
We report on in vitro self-assembly of nanometer-sized α-synuclein amyloid fibrils into well-defined micrometer-sized suprafibrillar aggregates with sheet-like or cylindrical morphology depending on the ionic strength of the solution. The cylindrical suprafibrillar structures are heavily hydrated, suggesting swollen gel-like particles. In contrast to higher order structures formed by other negatively charged biopolymers, multivalent ions are not required for the suprafibrillar aggregates to form. Their formation is induced by both mono- and divalent counterions. The self-assembly process is not mediated by protein-specific interactions but rather by the cooperative action of long-range electrostatic repulsion and short-range attraction. Understanding the mechanism driving the self-assembly might give us valuable insight into the pathological formation of fibrillar superstructures such as Lewy bodies and neurites-distinct signatures of Parkinson's disease-and will open the possibility to utilize the self-assembly process for the design of novel fibril-based smart nanostructured materials.